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(57) Abstract 

Conjugates containing substances having activity against glycotipids such as glucocerebroside and non-antigenic polymers such as 
polyethylene glycol are disclosed. The conjugates circulate for extended times and have prolonged activity in vivo when compared to 
unmodified enzymes. The conjugates are useful in the treatment of Gaucher* s disease. 
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GLYCOLIPID ENZYME-POLYMER CONJUGATES 
BACKGROUND OF THE INVENTION 

The present invention relates to conjugates having 
prolonged hydrolyzing activity in vivo against 
glycolipids such as glucocerebroside. 

Gaucher 's disease is an autosomal recessive genetic 
disorder which effects about 20,000 people in the Unites 
States. The disease is thelnost common lysosomal storage 
disorder and describes a defect in the afflicted' s 
naturally-occurring glucocerebrosidase (GCS) . This 
defect causes pathological storage of the complex lipid, 
glucocerebroside , primarily in organs and tissues of the 
reticuloendothelial system. The disease is systemic and 
patients may experience enlargement of the liver and 
spleen as well as replacement of the bone marrow with 
lipid-filled cells known as Gaucher cells. 

Unfortunately, there is currently no cure for 
patients suffering from this disease. Treatment for the 
disease is largely symptomatic. For example, analgesics 
are used for relief of pain, blood and platelet 
transfusions are often indicated. In cases where the 
disease is severe, a splenectomy is indicated to remove 
the enlarged spleen. 

Gaucher 's disease is considered to be a good 
candidate for enzyme-replacement therapy. For example, 
U.S. Patent No. 3,910,822 discloses the use of GCS 
isolated from human placental tissue as a treatment of 
Gaucher 's disease. In addition , PCT Publication Nos. WO 
90/07573 and WO 89/05850 describe preparing GCS using 
recombinant DNA techniques. While these advancements are 
significant, effective treatment and management of the 
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disease for many patients remains elusive. A chief 
drawback with current therapies is the relatively short 
period of time that the replacement enzyme is active in 
vivo . Accumulated glucocerebroside is not always fully 
metabolized. Thus, the long term effects of the 
lingering glycoprotein has not been addressed. 

U.S. Patent No. 4,935,465 describes protein 
conjugates including glucocerebrosidase reversibly linked 
to water soluble polymers. The linking groups described 
therein are based on maleic acid derivatives which are 
quickly hydrolyzed in vivo and thus release the 
unmodified protein from the polymer. The present 
inventors, however, have found that alternative linking 
groups having a much greater resistance to in vivo 
hydrolysis provide conjugates which are enzymatically- 
active over longer periods and thus are better suited to 
act on accumulated glycolipids and thus reduce the 
residual amounts of glucocerebroside in the plasma and 
normalize spleen, liver and skeletal abnormalities. 

SUMMARY OF THE INVENTION 

The present invention provides biologically active 
conjugates having prolonged activity against glycolipids 
such as glucocerebroside. The conjugates contain a 
substance such as an enzyme or enzyme fragment having the 
ability to hydrolyze glycolipids and a substantially non- 
antigenic polymeric substance. In one preferred aspect 
of the invention, the conjugates include 
glucocerebrosidase or a substance having 
glucocerebrosidase activity covalently attached to an 
activated form of a polyalkylene oxide such as 
polyethylene glycol. In this regard, the polymer will 
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The present invention also provides methods of 
preparing the conjugates. The methods include reacting 
a substance having activity against glycolipids with a 
substantially non-antigenic polymeric substance under 
conditions sufficient to effect conjugation of the 
substituents while maintaining at least a portion of the 
anti-glycolipid activity. Such conditions include 
reacting the polymer with the enzyme-like substance in 
molar ratios ranging from about 5:1 to 125:1. The 
resultant conjugates have from about 1 to 25 polymeric 
strands attached to each enzyme-like substance. 



15 



The invention also provides methods of treating 
Gaucher' s disease. In this aspect of the invention, 
treatment includes administering an effective amount of 
the conjugates described herein to patients or mammals 
requiring such therapy. 



20 



25 



As a result of the present invention, conjugates 
having substantially prolonged enzyme-like activity 
against glycolipids in vivo are provided. The conjugates 
are substantially resistant to in vivo hydrolysis and 
thus uniquely allow less frequent administration of the 
therapeutic conjugate when compared to unmodified enzyme 
preparations and prolonged activity against accumulated 
glycolipids. 



30 



For a better understanding of the present invention, 
reference is made to the following description and its 
scope will be pointed out in the appended claims. 



> 
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BRIEF DESCRIPTION OF THE DRAWING 

Figure 1 is a graph demonstrating the comparative 
results of PEG-Glucocerebrosidase conjugates and 
unmodified glucocerebrosidase in vivo . 

DETAILED DESCRIPTION OF THE INVENTION 

The conjugates include substances having the ability 
to hydrolyze glycolipids. Such substances preferably 
have a glucocerebrosidase or glucocerebrosidase enzyme- 
like activity. These substances can be prepared or 
obtained from a variety of sources, including recombinant 
or mammalian extracted GCS. It is preferred that the 
enzyme included in the conjugate be prepared using 
recombinant techniques. In this regard, the 

recombinant ly prepared glucocerebrosidase such as that 
disclosed in PCT WO 89/05850 may be used herein* The 
contents of this PCT publication are hereby incorporated 
by reference. Alternatively, glucocerebrosidase may be 
obtained from mammalian sources such as human placental 
tissue as disclosed in U.S. Patent No. 3,910,822. It is 
to be understood that other substances including pro- 
enzymes and fractions of enzymes or pro-enzymes can also 
be included in the conjugates of the present invention. 
As used herein, the expression M the ability to hydrolyze 
glycolipids" means any substance which demonstrates in 
vivo activity against mammalian glycolipids especially 
glucocerebroside. These substances are prepared by using 
techniques known to those of ordinary skill in the art 
such as tissue culture, extraction from plant or animal 
sources or by recombinant DNA methodologies. Transgenic 
sources of enzymes, pro-enzymes and fractions thereof are 
also contemplated. Such materials are obtained from 
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transgenic animals, i.e. mice, pigs, cows, etc. wherein 
the enzyme is expressed in milk, blood, or tissues. 
Catalytic antibodies specific for glycolipid catalysis 
are also contemplated. Such antibodies can be prepared 
using recombinant technologies where antibodies specific 
to a glycolipid binds to the glycolipid and cleaves the 
CHO-lipid bond. The method by which the enzymatic 
substance is prepared for the conjugates of the present 
invention is not limited to those described herein. 

The substantially non-antigenic polymer substances 
included in the conjugates are preferably poly (alkylene 
oxides) . Within this group of substances are alpha- 
substituted polyalkylene oxide derivatives such as 
methoxypolyethylene glycols or other suitable alkyl 
substituted derivatives such as C,-C 4 alkyl groups. It is 
preferred, however, that the non-antigenic material be a 
monomethyl-substituted PEG homopolymer . Alternative 
polymers such as other polyethylene glycol homopolymers , 
polypropylene glycol homopolymers , other alkyl- 
polyethylene oxides , bis-polyethylene oxides and co- 
polymers or block co-polymers of poly (alkylene oxides) 
are also useful. In those aspects of the invention where 
PEG-based polymers are used, it is preferred that they 
have molecular weights of from about 1,000 to about 
10,000. Molecular weights of about 2,000 to 7,500 are 
preferred and molecular weights of about 5,000 are 
especially preferred. 

Alternative non-antigenic polymeric substances 
include materials such as dextran, polyvinyl 
pyrrolidones, polysaccharides, starches, polyvinyl 
alcohols, polyacryl amides or other similar non- 
immunogenic polymers. Those of ordinary skill in the art 



WO 94/13311 



PCT/US93/11920 



6 

will realize "that the foregoing is merely illustrative 
and not intended to restrict the type of non-antigenic 
polymeric substances suitable for use herein. 

As stated above, covalent modification of the 
enzyme-like material is preferred to provide the 
hydrolysis-resistant conjugate. The covalent 

modification reaction includes reacting a substance 
having the desired activity against glycolipids with a 
substantially non-antigenic polymeric substance under 
conditions sufficient to effect conjugations while 
maintaining at least a portion of the hydrolytic activity 
against glycolipids. 

Oftentimes, the polymers are activated in order to 
effect the desired linkage with the enzymatically-acting 
substance. By activation, it is understood by those of 
ordinary skill in the art that the polymer is 
functionalized to include a desired reactive group. See, 
for example U.S. Patent Nos. 4,179,337 and 5,122,614 
which are incorporated by reference herein. In these 
disclosures, the hydroxy 1-end groups of polyalkylene 
glycols are converted and activated into reactive 
functional groups. One particularly preferred activated 
form of PEG for use in the present invention is 
poly (ethylene glycol) -N-succinimide carbonate. This 
activated polymer forms stable, hydrolysis-resistant 
carbamate (urethane) linkages with amino groups of the 
enzymatically active materials . Isocyanante-activated 
PEG' s are also of use. While the references incorporated 
herein describe epsilon amino group modifications of 
lysine, other conjugation methods are also contemplated. 
Carbohydrate and/or acid group or other amino acid 
modifications are also within the scope of the present 
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invention. Covalent linkage by any atom between the 
enzyme and polymer is possible. Moreover, non-covalent 
conjugation such as lipophilic or hydrophilic 
interactions are also contemplated. 

The process of the present invention includes 
preparing or providing the activated polymer and 
thereafter reacting it with a substance having the 
desired enzymatic or hydro lytic activity , in this case, 
the ability to hydrolyze glycolipids. The reaction is 
carried out in a buffer such as 0.1M phosphate buffer at 
a pH of from about 6.0 to about 8.0. The conjugate 
substituents are reacted with an appropriate amount of 
the polymer, which is typically present in a several-fold 
molar excess over the enzymatic-like substance. The 
polymeric excess will range from about 5 to about 125 
molar ratio excess and preferably from about 50 to about 
120 molar excess of the polymer to the enzyme-like 
substance. The reaction is carried out at temperatures 
of from about 0 to 25° C over time periods ranging from 
a few minutes to as long as 12 hours. Temperatures of 
from about 2 0 to about 25° C are preferred and time 
periods of around 1 hour are sufficient to carry out the 
conjugation reaction. 

Following the conjugation reaction, the desired 
product is recovered using known techniques and purified 
using column chromatography or similar apparatus if 
necessary. Depending upon the reaction conditions, the 
conjugates have from about 1 to about 25 polymeric 
strands attached to the enzyme-like substance. By 
controlling the molar excess of the polymer reacted with 
the enzyme, for example, the artisan can tailor the 
number of polymeric strands attached. Conjugates 
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containing from about 5 to about 20 polymeric strands are 
preferred while conjugates containing from about 10 to 18 
polymeric strands are most preferred. 

5 Another aspect of the present invention provides 

methods of treatment for Gaucher 's disease* The method 
includes administering an effective amount of the 
compositions described herein to alleviate the Gaucher 's 
disease symptoms. Those of ordinary skill in the art 

10 will realize that the amount of the conjugate used in the 

method of the present invention will vary somewhat from 
patient to patient, however, conjugates capable of 
delivering from about 0.1 IU/kg to about 200 + IU/kg per 
administration and preferably 25 IU/kg are contemplated. 

15 The optimal dosing of the conjugate can be determined 

from clinical experience. 

Further in this regard, the amount of the conjugate 
administered to treat Gaucher's disease is an amount that 

20 is sufficient to significantly reduce pathological 

glycolipid concentrations in vivo . and, in particular, 
the glycolipid glucocerebroside. The maximal dosage for 
humans is the highest dosage that does not cause 
clinically important side effects. 

25 An important feature however is that by covalently 

combining the polymeric substance and the glycolipid 
hydrolyzing substance as described herein, the conjugates 
are substantially resistant to hydrolysis in vivo . The 
conjugates thus act on accumulated glucocerebroside in 

30 vivo to a greater extent than prior art compositions. 
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The following examples serve to provide further 
appreciation of the invention but are not meant in any 
way to restrict the effect of the scope of the invention. 

EXAMPLE 1 

Modification of Glucocerebrosidase with SC-PEG 

In this example, recombinant glucocerebrosidase was 
conjugated with the activated poly (ethylene glycol) -N- 
succinimide carbonate (SC-PEG) described in U.S. Patent 
number 5,122,614. The polymer had a molecular weight of 
about 5000. The recombinant glucocerebrosidase (rGCS) 
was prepared in accordance with the method described in 
PCT Publication No. WO 89/05850. 

Procedures; • 1.8 mg of recombinant glucocerebrosidase 

(rGCS ) in 92 Mm NaOAc pH 5.8/10 % 
glycerol/18 % EtOH was dialyzed with 0.1 
M Sodium phosphate buffer solution, 
pH 7.0 using a Centricon-10 (a product of 
the Amicon Corporation of Beverly, MA) . 
The final concentration of the rGCS was 
-0.5 mg/ml. 18 mg of SC-PEG (10-fold 
excess by weight = 120 molar excess) was 
added to the enzyme solution and the 
reaction mixture was stirred for 1 hr. at 
room temperature. The reaction was 
quenched by adding 0.1 M glycine. The 
unreacted PEG was removed by dialysis 
into a buffer solution having a pH of 
6.5. The modification was checked by SDS- 
gel and the enzyme activity was measured 
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by Fluorimeter F-2000 Fluorescence 
Spectrophotometer, a product of Hitachi, 
Japan* 

5 Results ; The molecular weight of PEG-GCS was 

approximately estimated to be ~120,000- 
160,000 by SDS-gel. This corresponds to 
conjugates having about -12-20 PEG 
strands attached* The enzyme activity 
!0 was measured by using the artificial 

substrate 4 -methyl- umbellif eryl-j8-D- 
glucopyranoside (4 -MUG) and 90 ± 5 % of 
the GCS activity was retained. 

15 



Modification of GCS with SC-PEG 

In this example, the procedure of example I is 
repeated using that a 20 fold molar excess of SC-PEG and 
20 same rGCS. 

Procedures ; lOOmg of rGCS is dialyzed with 0.1M 

phosphate buffer, pH 7.0 using a 
Minisette ( available from Filtron of 

25 Northborough, MA) to yield a 1 mg/ml 

solution. To this solution 167 mg of SC- 
PEG (a 2 0 fold molar excess) is added and 
stirred for 1 hr. at room temperature 
(-20° C) . The reaction stopped by adding 

30 a 20 fold molar excess of 0.1M glycine. 

The unreacted reagents are removed by 
dialysis using the Minisette into a 20 
millimolar NaOAC/ phosphate 0.025% Tween 
80 buffer, pH 6.5. 
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Results ; PEG-GCS is estimated to have a molecular 

weight range of about 65,000-95,000 
Daltons by SDS-PAGE. This suggests that 
between 1 and 7 PEG 5000 strands are 
attached to each enzyme molecule. It is 
estimated that greater than 80% activity 
of the GCS is retained. 

As can be seen from the foregoing example, by 
varying the amounts of the reactants, the amount of PEG 
attached to the GCS can be varied. This, in turn, will 
vary the circulating life of the conjugate. Lower 
modifications yield conjugates with circulating lives 
substantially longer than native GCS but less than the 
higher modified PEG-rGCS made in Example I, 

EXAMPLE III 

In this example, the circulating half-lives of 
various glucocerebrosidase products was compared. The 
circulating half-life of both recombinant GCS and PEG- 
rGCS were determined in rats. Six rats about 300 + 25 gm 
were used for this experiment. Three rats were injected 
i.p. with rGCS and three were similarly injected with 
PEG-rGCS at a dose of 60 lU/kg. At various time points 
the rats were bled and plasma prepared. The plasma was 
stored at 4°C until assayed. Glucocerebrosidase activity 
was determined using the 4— MUG fluorescent assay. The 
half -lives (T % ) are reported in the following table. The 
half-life for placental GCS was reported by Brady, et al, 
New England Journal of Medicine 291 ; 990-993 (1974); the 
half -life of Ceredase ™ was reported by Whittington, et 
al, Drugs 44(1) 72-93 (1992). The results are reported 
below. 
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CIRCULATING HALF-LIVES OP GLUCOCERBBROS I DAS E 



5 


Preparation 


Tl/2 


Placental GCS 


25 minutes 


10 


Chemically Modified Placental GCS 
(Ceridase™* 


3-11 minutes 


15 


Recombinant GCS 1 


approx. 1 hr 
(alpha phase) 


20 


PEG-rGlucocerebrosidase 2 


6-7 hours 
(alpha phase) 



Ceridase™; a product of the Genzyme Corporation 
1 Prepared in accordance with the method of Ginns, et al 
in PCT WO 89/05850 
25 2 As prepared in Example I 



As can be seen from the table, PEG-GCS conjugates 
prepared in accordance with the present invention have a 
substantially prolonged increase in circulating life when 
30 compared to unmodified enzymes. 

EXAMPLE IV 

In this example, the activity of the PEG-rGCS 
35 prepared in accordance with example I was compared to 

that of unconjugated rGCS prepared according to the 
method of Ginns, et al., supra, i in a 72 hour plasma 
circulating half -life study. As was the case in example 
III, 3 rats were injected i.p. with 60 IU/kg with PEG- 
40 rGCS and 3 rats were injected with 60 IU/kg of rGCS . 
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Referring now to FIG. 1, it can be seen that not 

* only does the conjugate provide the rapid activity 

associated with unmodified glucocerebrosidase at the 

• outset, but the inventive conjugates provide higher 
5 levels of activity throughout a three day period. While 

applicants are not bound by theory, it is believed that 
such higher levels of enzyme activity in vivo over time 
serve to provide persistent activity against 
glucocerebroside. Such activity represents a major 
10 advance toward reducing residual glycolipid 

concentrations in Gaucher # s Disease patients. This in 
turn will help alleviate some of the sequelae associated 
with later stage Gaucher 's Disease such as enlarged 
spleen, liver and skeletal abnormalities. 

15 

While there have been described what are presently 
believed to be the preferred embodiments of the present 
invention, those skilled in the art will realize that 
changes and modifications may be made thereto without 
20 departing from the spirit of the invention. It is 

intended to claim all such changes and modifications as 
fall within the true scope of the invention. 



1 



WO 94/13311 



PCT7US93/11920 



14 

WHAT IS CLAIMED IS; 

1. A biologically active conjugate comprising a 
substance having the ability to hydrolyze glycolipids 
and a substantially non-antigenic polymeric substance. 

2. The conjugate of claim 1, wherein said 
glycolipid is glucocerebroside. 

3. The conjugate of claim l f wherein said polymer 
is a poly (alkylene oxide). 

4. The conjugate of claim 3, wherein said 
poly (alkylene oxide) is an alpha-substituted polyalkylene 
oxide derivative. 

5. The conjugate of claim 3, wherein said poly 
(alkylene oxide) is selected from the group consisting of 
polyethylene glycol homopolymers , polypropylene glycol 
homopolymers , alkyl-capped polyethylene oxides , bis- 
polyethylene oxides and copolymers or block copolymers of 
poly (alkylene oxides). 

6. The conjugate of claim 5, wherein said polymer 
has a molecular weight of from about 1,000 to about 
10,000. 

7. The conjugate of claim 6, wherein said polymer 
has a molecular weight of from about 2,000 to about 
7,500. 

8. The conjugate of claim 7, wherein said polymer 
has a molecular weight of about 5,000. 

9. The conjugate of claim 1, wherein said 
substance is covalently linked to said polymer. 

10. The conjugate of claim 1, wherein said 
substance is linked to said polymer via a carbamate 
linkage. 

11. The conjugate of claim 1, wherein said 
polymeric substance is selected from the group consisting 
of dextran, polyvinyl pyrrolidones and other non- 
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immunogenic polymers. 

12. The conjugate of claim 1, wherein said 
substance is glucocerebrosidase. 

13. The conjugate of claim 12, wherein said 
glucocerebrosidase is of recombinant origin. 

14. The conjugate of claim 12, wherein said 
glucocerebrosidase is of mammalian origin. 

15. The conjugate of claim 14, wherein said 
mammalian 

glucocerebrosidase is placental glucocerebrosidase. 

16. The conjugate of claim 12, wherein said 
glucocerebrosidase is of transgenic origin. 

17. The conjugate of claim 1, wherein said 
substance is selected from the group consisting of enzyme 
fragments, proenzymes and catalytic antibodies. 

18. The conjugate of claim 1, wherein said 
conjugate comprises from about 1 to about 25 polymeric 
strands attached to said substance. 

19. The conjugate of claim 18, wherein said 
conjugate comprise from about 5 to about 20 polymeric 
strands attached to said substance. 

20. The conjugate of claim 19, wherein said 
conjugate comprises from about 10 to about 18 polymeric 
strands attached to said substance. 

21. A method of preparing a conjugate having the 
ability to hydrolyze glycolipids, comprising reacting a 
substance having activity against glycolipids with a 
substantially non-antigenic polymeric substance under 
conditions sufficient to effect conjugation of said 
substance and said polymeric substance while maintaining 
at least a portion of the substance's activity. 

22. The method of claim 21, wherein said polymer is 
a poly (alkylene oxide) . 
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23. The method of claim 22, wherein said 
polyalkylene oxide is a alpha-substituted polyalkylene 
oxide derivative, 

24. The method of claim 22, wherein said poly 
(alkylene oxide) is a polyethylene glycol. 

25* The method of claim 24, wherein said 
polyethylene glycol is a methoxypolyethylene glycol. 

26. The method of claim 24, wherein said 
polyethylene glycol is activated to include a linking 
group for attaching said polymer to said substance. 

27. The method of claim 26, wherein said activated 
polyethylene glycol is PEG-N-succinimidyl carbonate. 

28. The method of claim 26, wherein said activated 
polyethylene glycol is PEG-isocyanate. 

29. The method of claim 21, wherein said conditions 
include reacting said polymer with said substance in a 
molar ratio of from about 5:1 to 125:1. 

30. The method of claim 29, wherein said condition 
include reacting said polymer with said substance in a 
molar ratio of from about 50:1 to 120:1. 

31. A method of treating Gaucher 's disease 
comprising administering an effective amount of the 
composition of claim 1. 
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